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"Microparticles For Selectively Targeted Hyperthermia" 



Field of the Invention 

. The present invention relates to microparticle composition(s) capable of heating 
an object or a target site in appropriate magnetic field conditions. In particular, the 
5 microparticle composition(s) are suitable for inducing hyperthermia in tissue. The 
compositions of the invention are particularly suitable for providing hyperthermic 
treatment of tissue such as diseased tissue. Further, the present invention 
provides a method of treating tissue such as diseased tissue as well as a method 
for manufacturing a medicament suitable for use in treating diseased tissue such 
10 as malignant tissue. 

Background Art 

The following discussion provides the background to one aspect of the potential 
uses of the present invention. This discussion should not be read as a limitation 
on the possible uses to which the present invention may be put. In this respect it 
15 should be appreciated that the microparticle compositions of the invention may be 
used to heat any object provided the microparticles can be arranged in a manner 
that facilitates heating of the object via the heating effects of the microparticles 
when placed in a suitable magnetic field. 

Diseases of the human body such as malignant tumours are generally treated by 
20 excision, chemotherapy, radiotherapy or a combination of these approaches. 
Each of these is subject to limitations which effects clinical utility. Excision may 
not be appropriate where the disease presents as a diffuse mass or is in a 
surgically inoperable locality. Chemotherapeutic agents are generally non- 
specific, thus resulting in the death of normal and diseased cells. As with 
25 chemotherapy, radiotherapy is also non-specific and results in the death of normal 
tissues exposed to ionizing radiation. Furthermore, some diseases such as 
tumours may be relatively resistant to ionizing radiation. This is a particular 
problem with the core of a tumour mass. 

As an alternative, hyperthermia has been proposed as a treatment of diseased 
30 tissue. There is evidence to suggest that hyperthermia is effective in treating 
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diseases, including cancerous growths. The therapeutic benefit of hyperthermia 
therapy is mediated through two principal mechanisms. Firstly, hyperthermia 
therapy has a direct tumouricidal effect on tissue by raising temperatures to 
greater than 42°C resulting in irreversible damage to cancer cells. Secondly, 
5 hyperthermia is known to sensitise cancer cells to the effects of radiation therapy 
and to certain chemotherapeutic drugs. The lack of any cumulative toxicity 
associated with hyperthermia therapy, in contrast to radiotherapy or 
chemotherapy, is further justification for seeking to develop improved systems for 
hyperthermia therapy. 

10 Several techniques are presently available for inducing clinical hyperthermia 
either regionally, in selected local regions of specific organs or over the whole 
body. These techniques include the use of plain wave electromagnetic radiation, 
such as microwave heating and radiofrequency waves, and ultrasound. 

The above techniques have their limitations, including poor tissue penetration and 
15 a rapid decline of energy with increasing depth; perturbations induced by tissue 
interfaces such as air and bone; variation in the heating effect or focusing for deep 
organ heating. 

In addition, there are other problems associated with the currently available 
methods for inducing clinical hyperthermia in human patients. Normal body 
20 tissues and organs are heat sensitive and at temperatures of greater than 42°C 
many tissues will undergo irreversible damage. In addition, the methods currently 
available for delivering clinical hyperthermia are non-specific, that is, heat normal 
tissues as well as tumour cells. 

For hyperthermia treatment to be effective, there are two basic requirements. 
25 Firstly, there is a need to localise the treatment to the target site and secondly, 
there is a need to maximise heating within the target site while maintaining 
hyperthermia therapy within safe operating limits for the patient. 

One proposed solution when using hyperthermia therapy involves the use of small 
magnetic particles that can be heated by applying a high frequency alternating 
30 magnetic field. The particles may then be delivered to the target site in a variety 
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of ways, e.g. direct injection, antibody targeting or intravascular infusion. An 
alternating magnetic field is then applied and heat from the particles causes the 
tumour temperature to rise above the therapeutic threshold of 42°C. The 
magnetic field conditions must be such as to cause no interaction with tissue, only 
5 with the magnetic particles. In this way, only tissue containing a concentration of 
the magnetic particles will be heated, irrespective of its location in the body. 

In general, the small magnetic particles are iron oxide particles covered with a 
polymer coating, such as dextran. Although such complexes have been used in 
vitro, any in vivo use has been limited by the method of injection used and also as 
10 a result of the breakdown of the dextran coating within the body. No clinical 
studies in human patients have yet been attempted using these particles. 

Numerous publications describe various potential schemes for a treatment of 
cancer- by induced hyperthermia using the heat generated by small magnetic 
particles when exposed to an AC magnetic field. These publications are almost 
15 entirely based on experimental results showing the production of heat from 
magnetic particles in a laboratory scenario. Fewer publications show a system 
working in an animal model and no publications to date present clinical data from 
actual human patients. 

The reasons for this lack of clinical application, despite the obvious potential of the 
20 idea, are problems associated with safety, delivery of a therapeutically effective 
amount of magnetic material to the target site and achieving adequate heating of 
the target site only. To date, all previously reported systems fail to meet at least 
one of these requirements. 

The major issue with safety is the strength and frequency of the applied magnetic 
25 field to be used in heating the magnetic particles. There is currently no way to 
reliably produce a long narrow beam of magnetic field that only exposes a small 
area of the patient to the AC field. Hence, systems must be designed assuming 
the patients* whole body will be exposed to the AC field. This places serious 
constraints on the amplitude and frequency of the field that can be used since 
30 there are potentially hazardous physiological responses to AC fields once the 
frequency and/or amplitude becomes high enough. These responses include 



WO 2004/064921 



PCT/AU2004/000089 



-4- 

involuntary neuromuscular stimulation and magnetically induced eddy current 
heating of non-target tissue. In the extreme case, the AC magnetic fields may 
even cause deadly cardiac arrhythmias. 

The heating quality of the complexes including magnetic particles is termed the 
5 volumetric absorption rate (VAR) and is defined as the amount of heat released 
by a unit volume of the complex per unit time during exposure to a magnetic field 
of a defined frequency and field strength. 

To be therapeutically effective, the VAR level should be maintained after the 
complex has been administered to the patient and have come in contact with 
10 biological fluids. For example, the dextran coated particles in the prior art may 
loose their dextran coatings due to lysosomal enzymatic dextran digestion when 
used for intracellular MFH (magnetic fluid hyperthermia). This causes particle 
aggregation and consequent degradation of heating and as such, dextran coated 
magnetite nanoparticles are not suitable for intracellular MFH. 

15 Many schemes are aimed at ensuring the localised deposition of heat to the 
cancer tissue, such as direct injection and antibody targeting. Although direct 
injection may be used to administer high quantities of the magnetic material to a 
tumour, the technique does have substantial disadvantages, including: (1) 
tumours must be accurately located and rendered accessible for injection to take 

20 place, (2) the physical penetration of tumours can lead to further spread of the 
cancer, and (3) injected material may not stay in the injected region. 

Antibody targeting has not been shown to work effectively, to date. The very 
small particles of the type required for antibody targeting are also effectively 
removed from circulation in the blood stream via the reticuloendothelial system. 
25 Thus, only short circulation half lives are possible and, hence, limited exposure of 
the antibody bearing particles to the target cancer cells. At the presently 
achievable levels of cellular uptake of antibody targeted particles, VAR values far 
in excess of those presently available would be required to achieve adequate 
tumour heating even for larger tumours. 
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Despite the clear advantages of complexes including magnetic particles, there 
has been no successful utilisation of this methodology in the treatment of human 
disease to date. This is most likely because of the difficulties faced when scaling 
up experimental systems to a size suitable for human application. Primary 
5 amongst these is the fact that magnetic field conditions (strength and frequency) 
which might appear safe when used in experiments with small animals, will most 
likely be unsuitable for use in human patients. However, reduction in the field and 
or frequency of the AC magnetic field to a level that is safe in human patients 
invariably leads to a reduction of the VAR of the magnetic material used to heat 
10 the tumours to the point where the system becomes useless as a treatment for 
human patients. 

Therefore, there exists a need to develop microparticle composition(s) for heating 
an object or a target site, when the object or target site is exposed to appropriate 
magnetic field conditions. 

1 5 Summary of the invention 

The subject invention relates to microparticle composition(s) capable of heating 
an object or inducing hyperthermia in a target site when the object or target site is 
exposed to an alternating magnetic field. The microparticle composition(s) of the 
invention generate substantial quantities of heat when exposed to a high 
20 frequency alternating magnetic field. In one example, the invention relates to 
microparticle composition(s) for treating diseased tissue by targeted hyperthermia. 

According to a first aspect of the invention, there is provided a microparticle 
composition(s) comprising: nanomagnetic particles and a matrix, wherein said 
microparticle composition(s) have at least one of the following properties: (a) a 
25 VAR of at least about 1 Watts/cm 3 subject to appropriate field conditions; (b) a 
density of about 2.7 or less; or (c) a size of about 100 nm to about 200 microns. 

According to a second aspect of the invention, there is provided a preparation of 
microparticle composition(s) comprising nanomagnetic particles and a matrix, 
wherein less than approximately 40% of the microparticle composition(s) is 
30 nanomagnetic particles and having at least one of the following properties: (a) a 
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VAR of at least about 10 Watts/cm 3 subject to appropriate field conditions; (b) a 
density of about 2.7 or less; or (c) a size of about 100 nm to 200 microns. 

According to a third aspect of . the invention there is provided a microparticle 
composition(s), as herein described, which is adapted for use in a patient and 
5 which is capable of heating tissue from that patient when exposed to an 
alternating magnetic field. 

According to a fourth aspect of the invention there is provided a method for 
heating a target site in a patient including the steps of: 

(i) administering a microparticle composition(s) as herein described to 
10 a target site in said patient; and 

(ii) exposing the target site to an AC magnetic field of a clinically 
acceptable frequency and strength, which is capable of inducing 
heating of the target site. 

According to a fifth aspect, the invention resides in the use of a microparticle 
15 composition, as herein described, for the preparation of a medicament or 
therapeutic for the treatment of diseased tissue. 

Disclosure of the Invention 

General 

Those skilled in the art will appreciate that the invention described herein is 
20 susceptible to variations and modifications other than those specifically described. 
It is to be understood that the invention includes ail such variations and 
modifications. The invention also includes all of the steps, features, compositions 
and compounds referred to or indicated in the specification, individually or 
collectively, and any and all combinations or any two or more of the steps or 
25 features. 

The present invention is not to be limited in scope by the specific embodiments 
described herein, which are intended for the purpose of exemplification only. 
Functionally equivalent products, compositions and methods are clearly within the 
scope of the invention as described herein. 
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The entire disclosures of all publications (including patents, patent applications, 
journal articles, laboratory manuals, books, or other documents) cited herein are 
hereby incorporated by reference. No admission is made that any of the 
references constitute prior art or are part of the common general knowledge of 
5 those working in the field to which this invention relates. 

As used herein the term "derived" and "derived from" shall be taken to indicate 
that a specific integer may be obtained from a particular source albeit not 
necessarily directly from that source. 

Throughout this specification, unless the context requires otherwise, the word 
10 "comprise", or variations such as "comprises" or "comprising", will be understood 
to imply the inclusion of a stated integer or group of integers but not the exclusion 
of any other integer or group of integers. 

Other definitions for selected terms used herein may be found within the detailed 
description of the invention and apply throughout. Unless otherwise defined, all 
15 other scientific and technical terms used herein have the same meaning as 
commonly understood to one of ordinary skill in the art to which the invention 
belongs. 

Description 

The present invention relates to a microparticle composition(s) comprising 
20 nanomagnetic particles and a matrix. Preferably, the nanomagnetic particles are 
incorporated into each microparticle within the matrix and are synthesised to have 
physical properties that result in a VAR capable of heating an object or target site 
in appropriate field conditions. 

In one example, the microparticle composition(s) is synthesised to have physical 
25 properties that result in a maximum VAR in magnetic field conditions that are 
considered to be clinically safe. More preferably, the resultant VAR is sufficient 
and suitable for therapeutic heating of diseased tissue, such as cancers. 

Although the microparticle composition(s) of the present invention may be used 
for inducing hyperthermia in tissue, a person skilled in the art would appreciate 
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there are other circumstances where the microparticle composition(s) of the 
present invention may be used to heat an object or target site. 

Microparticle composition(s) of the present invention may be used for heating 
objects from a diffuse source by an alternating magnetic field. For example, 
5 cements or thermoset epoxies may be infused with the microparticle 
composition(s) of the present invention. The epoxy or cement, once located as 
desired, may be rapidly heated by application of the magnetic field so that setting 
occurs rapidly, without heating of the surrounding (non metallic) material. 

According to a first aspect of the invention there is provided a preparation of 
10 microparticle composition(s) comprising nanomagnetic particles and a matrix, 
wherein said microparticle composition(s) have at least one of the following 
properties: (a) a VAR of at least about 1 Watts/cm 3 subject to appropriate field 
conditions; (b) a density of about 2.7 or less; or (c) a size of about 100 nm to 200 
microns. 

15 According to a second aspect of the invention there is provided a preparation of 
microparticle composition(s) comprising nanomagnetic particles and a matrix, 
wherein less than approximately 40% of the microparticle com position (s) is 
nanomagnetic particles and having at least one of the following properties: (a) a 
VAR of at least about 10 Watts/cm 3 subject to appropriate field conditions; (b) a 

20 density of about 2.7 or less; or (c) a size of about 100 nm to 200 microns. 

While microparticle composition(s) of the present invention only need to exhibit 
one of the following properties: 

(a) a VAR of at least about 10 Watts/cm 3 subject to appropriate field 
conditions; 

25 (b) a density of about 2.7 or less; or 

(c) a size of about 100 nm to about 200 microns; 
preferably the microparticle composition will display or exhibit at least two of the 
foregoing properties. In a highly preferred form of the invention the microparticle 
composition(s) will exhibit or display all of the foregoing properties. 
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Appropriate field conditions as referred to herein will depend on the nature of the 
object to be heated and the level of the VAR selected. In the event the 
microparticle composition(s) are used in human therapy, the VAR will be at least 
about 10 Watts/cm 3 when exposed to the appropriate alternating magnetic field 
5 conditions. In a highly preferred embodiment, the VAR is at least about 10 
Watts/cm 3 and the alternating magnetic field conditions are: a magnetic field 
strength between about 60 Oe to about 120 Oe and a frequency between about 
50 KHz to about 300 KHz. 

The foregoing provides merely an illustration of field conditions for human use. 
10 When use of the microparticle composition(s) is sought for heating other objects, 
the appropriate field conditions may well be outside the range described above 
and which are outside the range considered safe for human therapy. A person 
skilled in the art will know how to select appropriate field conditions to achieve a 
suitable VAR for heating other objects. 

15 The heating efficiency of the microparticles produced according to the invention is 
dictated by a variety of factors. One such factor is the spatial distribution of 
nanomagnetic particles within the matrix. According to the present invention the 
nanomagnetic particles are preferably distributed throughout the matrix in a 
manner which maximizes the heat generated by the microparticles. More 

20 preferably, the nanomagnetic particles are distributed throughout the matrix to 
optimise the simultaneous requirements of maximum particle loading and 
favourable magnetic interactions between the constituent nanomagnetic particles 
to achieve maximum VAR for each microparticle. 

In a highly preferred embodiment, the nanomagnetic particles are distributed 
25 throughout the matrix in such a way as the particles are not in contact with each 
other. 

This may be achieved by dispersing the nanomagnetic particles throughout the 
matrix so that aggregation of the particles is kept to a minimum during formation 
of the microparticles. Preferably, only up to 90%, but preferably 80, 70, 60, 50, 
30 40, 30, 20, 10, 5, 1, 0.1, 0.01 or 0.001% of nanomagnetic particles aggregate in 
the microparticle. For example, this may be achieved by bonding or attaching a 
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suitable surfactant or coupling agent to the surfaces of the individual 
nanomagnetic particles prior to their incorporation into the matrix. 

When the microparticles within the composition are prepared in such a manner 
they display at least one or more of the following advantages: 

(a) the microparticles are less prone to aggregation and less likely to 
interact than the complexes known in the prior art; 

(b) the microparticle composition(s) have a more stable VAR than the 
complexes of the prior art; 

(c) the VAR of the microparticles is more resistant to degradation, 
particularly when used in vivo, as compared to the complexes known in 
the prior art; 

(d) the microparticles are more likely to remain in the correct location for 
long periods compared to the complexes known in the prior art, thus 
enabling their repeated use. 

The nanomagnetic particles in the microparticle composition(s) of the present 
invention are superparamagnetic particles. By the term "superparamagnetic" it is 
meant magnetic particles that do not have the following properties; (i) coercivity, 
(ii) remanence or (iii) a hysteresis loop. As such, the VAR arising from the 
microparticle com position (s) is not a result of hysteresis heating. That is, the 
physical mechanism that causes heating is "Neel relaxation". 

For superparamagnetic particles the VAR is proportional to the quadrature 
component of the complex susceptibility, i.e. %". Maximum VAR is obtained when 
the N6el relaxation time, tn, is equal to the inverse of the magnetic field frequency, 
a), i.e. 

25 r N co = 1 . 

In turn, t n is determined by the magnetic anisotropy energy, KV, where K is the 
magnetic anisotropy and V is the particle volume. The value of K is determined 
by magnetocrystalline anisotropy or the particle shape if it is not perfectly 
spherical. This assumes particles are smaller than the critical size for formation of 
30 magnetic domains, i.e. they are in the superparamagnetic regime. 
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The properties of VAR, magnetic susceptibility, magnetic moment and saturation 
magnetization are measurable by standard methods, which can be carried out by 
those of ordinary skill in the art. 

According to the invention the superparamagnetic particles are preferably of 
5 nanosize and are selected from within the group of ferrites of general formula 
MO.Fe 2 0 3 where M is a bivalent metal such as Fe, Co, Ni, Mn, Be, Mg, Ca, Ba, 
Sr, Cu, Zn, Pt or mixtures thereof, or magnetoplumbite type oxides of the general 
formula M0.6Fe 2 0 3 where M is a large bivalent ion, metallic iron, cobalt or nickel. 
Additionally, they could be particles of pure Fe, Ni, Cr or Co or oxides of these. 
1 0 Alternatively they could be mixtures of any of these. 

In a preferred embodiment, the superparamagnetic particle is a nanoparticle of 
iron oxide such as magnetite (Fe 3 0 4 ) or maghemite (Y-Fe 2 0 3 ) with a particle size 
preferably less than 50 nanometers and more preferably between 1 and 40 
nanometers. In a more highly preferred embodiment, the superparamagnetic 
15 particles are maghemite nanoparticles. Such particles are highly preferred 
because: 

(i) maghemite nanoparticles of optimum size possess a higher VAR than do 
optimum size magnetite nanoparticles when subject to clinically relevant 
magnetic field conditions, and 
20 (ii) maghemite is a more chemically stable iron oxide than magnetite. 

The higher VAR of maghemite means that a lower packing density can be used to 
produce microparticles with the required VAR. 

According to the invention, the ratio of the matrix to the nanomagnetic particles of 
the microparticle composition(s) can potentially influence the effectiveness of the 
25 microparticles, particularly when used in vivo. For example, the greater the 
amount of nanomagnetic particles, the greater the density of the microparticle 
composition^). Further, the greater the amount of nanomagnetic particles, the 
more likely the nanomagnetic particles will clump or aggregate together, thus 
reducing the VAR of the microparticle composition^). 
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ln one example, the microparticle composition(s) has a volumetric loading of 
nanomagnetic particles wherein less than approximately 40% of the microparticle 
compositions) is nanomagnetic particles. More preferably, the volume fraction of 
nanomagnetic particles is less than 30%, but more preferably 20, 15, 10, or 5% of 
5 the microparticle composition. 

The matrix used in the preparation of the herein described microparticles may be 
any material known to those skilled in the art. The matrix may display at least one 
or more of the following advantages: 

(a) the matrix enables optimum distribution of the incorporated nanomagnetic 
10 particles; 

(b) the matrix is relatively light in weight, 

(c) the matrix is biocompatible; 

(d) the matrix does not interfere with the magnetic characteristics of the 
nanomagnetic particles. 

15 For example, a polymer matrix may be prepared from any number of different 
polyurethanes, a styrene divinylbenzene copolymer, ficoll, biopol, chondroitin 
sulfate, dextran, dextran sulfate, as well as unmodified dextrans. In addition, the 
matrix may be prepared from a ceramic material. Further, porous silicon and 
polycrystalline silicon may also be used as matrix material. 

20 According to an embodiment of the invention, the microparticle composition(s) has 
a volumetric loading of nanomagnetic particles wherein less than approximately 
40% of the microparticles composition(s) is nanomagnetic particles and a VAR of 
at least about 1 0 Watts of heat per cm 3 of their volume (that is a VAR of at least 
about 10 W/cm 3 ) when exposed to the appropriate alternating magnetic field 

25 conditions. In another embodiment, the VAR is 10 Watts/cm 3 at a magnetic field 
strength of between 60-120 Oe and frequency between 50-300. In a highly 
preferred form of the invention, the VAR is at least 30 W/cm 3 in a magnetic field of 
60-120 Oe and 50-300 KHz. Preferably, the microparticle composition(s) of the 
present invention retain their VAR in vivo. For example, when the VAR is at least 
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about 10 Watt/cm3, the magnetic field conditions are field strength of 90 Oe and 
frequency of 100 KHz. 

When used in human therapy, the packing density of nanomagnetic particles in 
the matrix is determined by the need to produce microparticle composition(s) with 
5 a sufficiently high level of VAR. 

t 

If the required packing density is too high there may be potential problems with 
the possible use of the microparticles for use in human therapy. For example: (a) 
if the density of the microparticles is too high it will lead to ineffective transport via 
the blood stream when introduced in vivo, (b) practical difficulties in fabricating 

10 microparticle composition(s) with a very high volume fraction of particles, or (c) 
the heating characteristics of the individual nanomagnetic particles may be 
degraded due to interaction effects. Therefore, in another embodiment of the 
present invention, the microparticle composition(s) has a volumetric loading of 
nanomagnetic particles less than approximately 40% of the microparticle 

15 composition(s) and a density less than 2.7 g/cm 3 . In a highly preferred 
embodiment, the density is between 2.0 and 2.5 g/cm 3 . 

In an embodiment, the microparticle composition(s) has a volumetric loading of 
nanomagnetic particles wherein less than approximately 40% of the microparticle 
composition(s) is nanomagnetic particles and having a size range from about 100 
20 nm to 200 microns, preferably 10 to 50 microns, more preferably 20 to 45 microns 
and highly preferably from 25 to 37 microns. 

In a highly preferred embodiment the microparticle composition(s) of the present 
invention has a volumetric loading of nanomagnetic particles wherein less than 
approximately 40% of the microparticle composition(s) is nanomagnetic particles, 
25 a VAR of at least about 10 W/cm 3 subject to appropriate field conditions, a density 
of about 2.7 g/cm 3 or less and a size of about 20 microns to about 45 microns. 

A number of different methods may be used to prepare the microparticles of the 
present invention using a diverse number of manufacturing techniques. For 
example, microparticles can be manufactured from a biocompatible polymer using 
30 a solvent evaporation technique. The nanomagnetic particles are first dispersed 
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in the dissolved polymer. This solution is then dispersed in water containing a 
small percentage of PVA and mixed with a high-speed mixer for a few minutes. 
Finally the mixture is gently stirred for about 1 hour to allow all the solvent to 
evaporate, leaving the solidified polymer microparticles containing nanomagnetic 
5 particles. The microparticles are then sieved to select those in the size range 20- 
45 micron. These are then separated using a fluid with a high specific gravity 
(e.g. di-iodomethane appropriately diluted with acetone) to select microparticles of 
the required density. 

For ease of description the following discussion of the invention will focus on the 
10 use of the invention in the treatment of diseased tissue. Importantly the skilled 
reader should understand, however, that the following description is only provided 
for ease of description of the invention and should not be read as limiting the 
possible applications for the herein described microparticle compositions. Clearly, 
as contemplated above, the microparticle composition of the invention has 
15 applications beyond the mere treatment of diseased tissue. 

According to a third aspect of the invention, there is provided microparticle 
composition(s), as herein described, which are adapted for use in a patient and 
which are capable of heating tissue from that patient when exposed to an 
alternating magnetic field. In one highly preferred use the present invention 
20 provides a microparticle composition(s) by which deep seated cancers such as 
liver cancer can be effectively and safely heated in human patients. 

When used to treat human tissue, the microparticle composition(s) of the present 
invention are preferably of a size which ensures they are capable of being trapped 
in the capillary bed of tumours rather than being able to pass through the tumour 
25 into the venous supply. For example, the microparticles will be approximately 25 
to 37 microns with a standard deviation of less than 10%. 

The matrix used in the preparation of the microparticles in the microparticle 
composition(s) may be non-biodegradable or biodegradable. The type of matrix 
used will thus generally depend on the required life expectancy of the 
30 microparticles and the environmental conditions in which the microparticles will be 
operating. For example, if the microparticle composition were used to treat 
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malignant tissue, the microparticles would need to be relatively non-biodegradable 
so that they can be used to repeatedly treat the tissue until it has been destroyed. 
In other situations, however, it might be envisaged that the microparticles would 
be used to heat a surrounding material and then degrade in a manner which 
5 facilitates their removal from the material. 

In one embodiment of the invention, the microparticle corhposition(s) comprise a 
polymer matrix that is biodegradable, for example polyglycolide (PGA) or 
chitosan. Suitable polymers are also preferably soluble under their reaction 
conditions and may include, for example, ficoll, chondroitin sulfate and dextran 
10 sulfate, as well as unmodified dextran. 

In an alternate embodiment, the matrix used in the preparation of the 
microparticles is non-biodegradable. Thus, in use, after the initial administration 
of a microparticle composition(s) to a patient, the microparticles may be 
repeatedly reactivated as required over a period of time. Therefore, the 

15 microparticle com position (s) are capable of acting like an implant that can be 
controlled at will rather than as a drug or radiopharmaceutical whose action 
cannot be controlled once administered. By way of example only, the non- 
biodegradable matrix may be selected from polymers, such as biopol or certain 
types of polyurethane. Preferably, the polymer matrix is a styrene divinylbenzene 

20 copolymer. Other matrix materials include ceramics, such as alumina, zirconia 
and silica. 

Where microparticle compositions are administered to a patient, preferably the 
microparticles as well as any component of the composition will be biocompatible 
material. More preferably, the biocompatible material and any other materials 
25 used in the preparation of the composition do not contain toxic levels of impurities 
such as fatty acids and synthetic surfactants. In one example of the invention the 
microparticle composition will be prepared from non-biodegradable materials. 

In accordance with another embodiment of the invention the microparticles in the 
herein described composition may be adapted for site specific delivery by 
30 combining the microparticles with, for example tumour seeking agents, such as 
tumour-specific antibodies, porphyrins, liposomes, lipoproteins, lectins, or tumour 
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surface receptor-binding agents. Such combinations can be by chemical bond or 
via physical interaction, such as for example, absorption or lipid bilayer coating. 
Those skilled in the art will be familiar with the manufacture of such molecules. 
The microparticles of the present invention may be further associated with agents 
5 that would favour their accumulation at the target site. Agents include, by way of 
example only, ferritin, or RES__masking agents, such as monosialogangliosides or 
polyethyleneglycol. 

Compositions produced according to the present invention may simply comprise 
the microparticles within a fluid medium. Preferably, that medium will be selected 
10 based on the end use for the microparticles. For example, if the microparticles 
were employed to heat a biological sample such as a biological tissue the fluid 
medium may include, without limitation, at least a carrier, diluent or buffer. 

Generally, where the microparticle composition of the invention is employed either 
in the preparation of a medicament or used in a method to treat diseased tissue, 
15 the composition will comprise an amount of microparticles capable of being 
therapeutically effective when exposed to an AC magnetic field and at least a 
pharmaceutically acceptable carrier or diluent. 

The phrase "pharmaceutically acceptable carrier or diluent" refers to molecular 
entities and compositions that are physiologically tolerable and do not typically 

20 produce an allergic or similarly untoward reaction, such as gastric upset, dizziness 
and the like, when administered to a human. Preferably, as used herein, the term 
"pharmaceutically acceptable" means approved by a regulatory agency of the 
federal or a state government or listed in the U.S. Pharmacopeia or other 
generally recognized pharmacopeia for use in animals, and more particularly 

25 humans. The term "carrier" refers to a diluent, preservatives, solubilizers, 
emulsifiers, excipient, or vehicle with which the microparticles are administered. 
Suitable pharmaceutical carriers are described in Martin, Remington's 
Pharmaceutical Sciences, 18th Ed., Mack Publishing Co., Easton, PA, (1990). 
Such pharmaceutical carriers can be sterile liquids, such as water and oils, 

30 including those of petroleum, animal, vegetable or synthetic origin, such as peanut 
oil, soybean oil, mineral oil, sesame oil and the like. Water or soluble saline 
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solutions and aqueous dextrose and glycerol solutions are preferably employed 
as carriers, particularly for injectable solutions. 

The compositions may also include diluents of various buffer content (e.g., Tris- 
HCI, acetate, phosphate), pH and ionic strength; additives such as solubilizing 
5 agents, antioxidants, and preservatives. See, e.g., Martin, Remington's 
Pharmaceutical Sciences, 18th Ed. (1990, Mack Publishing Co., Easton, PA 
18042) pages 1435-1712, which is herein incorporated by reference. The 
compositions may be prepared in liquid form, or may be in dried powder, such as 
lyophilized form. 

10 After composition, the microparticle composition may be incorporated into a sterile 
container, which is then sealed and stored at a low temperature, for example 4°C, 
or it may be freeze-dried. Lyophilisation permits long-term storage in a stabilised 
form. 

Compositions of the present invention are not limited to only contain 
15 microparticles in a fluid medium. In addition, they may contain other bioactive, 
chemical, radioactive or like compounds. Where the composition is employed in 
the treatment of a biological disease state like cancer, it may contain 
microparticles as described herein and one or more of the following: other 
microparticles with cytotoxic and/or radioactive effects; therapeutic and/or 
20 pharmaceutical compounds; polypeptides; polynucleotides; or chemical 
compounds that do not fall within the class of therapeutic or pharmaceutical 
compounds. 

Microparticles described herein have been generally illustrated as containing only 
nanomagnetic particles dispersed within a matrix. In a highly specialized form of 

25 the invention the microparticles prepared according to the invention may also be 
adapted to accommodate chemical, cytotoxic and radioactive agents. Thus, if the 
microparticles were used to treat diseased tissue they may be capable of 
delivering heating effects when in the presence of an AC magnetic field and be 
capable of delivering ionizing radiation or chemotherapeutic drugs. By way of 

30 example, such microparticles may be prepared by creating voids within the 
capsule capable of receiving and storing the radioactive or therapeutic agent. 
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Methods for producing voids within microparticles are well known in the art and 
are something that a person of ordinary skill in the field will be familiar with. 
Alternatively, the radioactive or therapeutic agent may be attached to the surface 
of the microparticles, again using methods that are well known in the art. 

5 According to a fourth aspect of the invention there is provided a method for 
heating a target site in a patient including the steps of: 

(i) administering a microparticle composition(s) as herein described to 
a target site in said patient; and 

(ii) exposing the target site to an AC magnetic field of a clinically 
10 acceptable frequency and strength (the applicable field conditions), 

which is capable of inducing heating of the target site. 

Preferably, the microparticles are of a size and density that facilitates the effective 
transport to ultimately embolise the capillary beds supplying the target site. 

The microparticle composition(s) of the present invention may be administered to 
15 a target site using any suitable technique known in the art. Preferably, the 
microparticles are administered in such a way as to cause them to concentrate in 
a target site. For example, the microparticles of the present invention may be 
administered via intratumoral, peritumoral, or intravascular, intravenous, 
intraperitoneal, subcutaneous, intrahecal injection or superficial applications. 
20 Preferably, the microparticle composition(s) are delivered to the target site via the 
arterial or venous blood supply. 

Microparticle composition(s) of the present invention maximise the heat 
generating capabilities of the encapsulated nanomagnetic particles upon 
exposure to an AC magnetic field of appropriate strength and frequency. The 
25 affect of the microparticle composition(s) of the present invention can be 
optimized for maximum heat generation using an AC magnetic field with 
frequency in the range of about 50-300 kHz and strength of about 60-120 Oe. In 
a highly preferred embodiment, the operating conditions of the AC magnetic field 
is a frequency of about 100 kHz and a strength of about 90 Oe. 
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Subsequent exposure of the target site to an AC magnetic field of appropriate 
frequency and strength causes the microparticles to heat and this heat is 
conducted into the immediately surrounding diseased tissue. This method of 
treatment is known as Selectively Targeted Hyperthermia (STH). 

5 Adequate heating of the target site is required for the use of induced hyperthermia 
to be effective. Thus, the method of the present invention provides a means to 
increase temperature in a target site to above 41 °C. For use on the treatment of 
diseased tissue, the result is to decrease the viability of malignant cells. A 
decrease in the viability of malignant cells results in either cell death or increased 
10 cell sensitivity to the effects of ionising radiation or chemotherapeutic drugs. 

Therefore, it is preferable for the microparticle composition(s) to achieve adequate 
heating of 42°C for at least 30 minutes. The level of heating induced by the 
implanted microparticles depends on several factors, including the VAR of the 
microparticles, the amount of material that can be localised in and around the 
15 target site, and the cooling factors in the environment of the microparticle 
composition(s), such as blood perfusion. 

However, it is generally accepted that the concentration of microparticle 
composition(s) throughout the target site volume should be no more than 1.0 % 
(v/v), preferably no more than 0.5% (v/v) and more preferably no more than 

20 0.25% (v/v). For example, there should preferably be no more than about 0.01 
cm 3 of microparticle composition(s) per cm 3 of tissue. The lower the 
concentration of microparticle com position (s) required to achieve adequate 
heating the better. If higher concentrations of material are required then it is 
unlikely that certain very advantageous targeted delivery techniques can be used. 

25 Further, in broad terms, deposition of heat at a rate of approximately 100 mW per 
cm 3 of tissue is usually considered adequate to heat said tissue. This heat must 
be contributed by the administered microparticles. Therefore, a minimum 
requirement is that the administered microparticles must have a VAR of at least 
about 10 Watts per cm 3 of their volume (10 W/cm 3 ), but more preferably 40 W/cm 3 

30 subject to appropriate field conditions. 
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The effective VAR level must be maintained after the microparticle composition(s) 
have been administered to the patient and have come in contact with biological 
fluids. The problems of particle aggregation, sensitivity to surface conditions and 
particle interaction effects commonly lead to degraded VAR characteristics of 
5 superparamagnetic particles outside the very controlled conditions of the 
laboratory. 

According to a fifth aspect, the invention resides in the use of a microparticle 
composition, as herein described, for the preparation of a medicament for the 
treatment of diseased tissue. 

10 Brief Description of the Drawings 

In the drawings: 

Figure 1 shows the temperature of a sample of nanomagnetic particles 
dispersed in an agar gel as a function of time exposed to an AC magnetic 
field of strengths 60, 90 and 120 Oe and with frequency 285 kHz. 

15 Figure 2 is a plot of the VAR (in Watts/cm 3 ) calculated for the nanomagnetic 

particles at the three different magnetic field strengths used. 

Figure 3 shows the temperature of a sample of microparticles dispersed in 
an agar gel as a function of time exposed to an AC magnetic field of 
strengths 60, 90 and 120 Oe and with frequency 285 kHz. 

20 Figure 4 is a plot of the VAR (in Watts/cm 3 ) calculated for the microparticles 

at the three different magnetic field strengths used. 

Figure 5(a) is a comparison of the sizes of 10 tumours before (black 
columns) and 14 days after (white columns) being treated by heat from 
arterially administered microparticles. 

25 Figure 5(b) is a comparison of the sizes of 10 tumours before (black 

columns) and 14 days after (white columns) being treated by heat from 
unencapsulated nanomagnetic particles injected directly into the tumour 
milieu. 
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Figure 6 is a graph showing the heat output (W/g Y ) from nanomagnetic 
particles as the concentration (voI%) of the nanomagnetic particles increase 

Best Mode(s) for Carrying Out the Invention 

5 Example 1 : VAR of Magnetite Nanoparticles 

Magnetite nanoparticles (nanomagnetic particles) were produced using a water- 
in-oil microemulsion formed using a surfactant, co-surfactant, oil phase and an 
aqueous phase. The particle size is determined by the water to surfactant ratio. 
Two solutions, one containing FeSC>4 ( aq ) and the other NH3 ( a q), with an equal 
10 water to surfactant ratio are mixed for 3 hours. The oil phase and water are 
removed by drying in an oven overnight. The resultant particles are then washed 
to remove residual surfactant. 

The VAR of the magnetite nanoparticles was determined using the following 
method: 

15 100 mg of magnetite nanoparticles were dispersed and fixed in 10 g of agar gel in 
a glass vial. The glass vial was then supported in the middle of a coil that forms 
part of a circuit to generate an AC magnetic field at a frequency of 285 kHz. 
Fibre-optic thermometry probes were inserted into the gel. The AC magnetic field 
was adjusted to 60 Oe and the temperature of the gel/nanoparticle mixture 

20 recorded as a function of time for at least 2 minutes. The gel sample was then 
allowed to cool back to room temperature and the process repeated at 90 Oe and 
then again at 120 Oe. Figure 1 shows the recorded temperature curves for the 
magnetite impregnated gel sample measured at each of the field values. 

From the measured heating rate it is possible to calculate the VAR of the 
25 magnetite nanoparticles. The values calculated for these magnetite nanoparticles 
at 60, 90 and 120 Oe and 285 kHz are 21 W/cm 3 , 74 W/cm 3 and 139 W/cm 3 
respectively (data plotted in figure 2). 
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Example 2: Formation of Microparticles Incorporating Nanomagnetic 
Particles 

Approximately 0.6 g of magnetite nanoparticles described in Example 1 were 
dispersed in 6 ml of E!ast-Eon™ dissolved in 4-methyl-2-pentanone (7.5% w/v). 
5 The mixture was dispersed using a Branson Model 450 Sonifier on power setting 
2 for 5 minutes using the 1/8 inch tapered microtip. The mixture was then 
dropped into a beaker containing 130 ml of 0.25% (wt/v) poly-vinyl alcohol (2.5 g 
of PVA 87-89% hydrolyzed, MW 124,000-186,000 dissolved in 1 Litre of water) 
while being mixed with a homogenising mixer set at 2,500 rpm. The mixture was 
10 then left mixing for 10 minutes after which it was left to mix very slowly for at least 
. 60 minutes to allow all the 4-methyl-2-pentanone to evaporate. The mixture was 
then sieved to select microparticles in the size range 25-45 micron. This whole 
process was repeated 3 times to obtain a quantity of microparticles. 

The average density of these particles was then determined to be 2.7 g/cm 3 which 
15 is within the range required for clinical application. This average density 
corresponds to approximately 40% of the total microparticle volume or 75% of the 
total microparticle weight being magnetite nanoparticles. 

Using the method described in Example 1, the VAR of these microparticles was 
determined to be 40.0 W/cm 3 as is required for clinical use. The heating curve is 
20 shown in Figure 3. Also shown are the curves measured using applied fields of 
60 and 90 Oe, with the corresponding VARs being 7.2 W/cm 3 and 18.7 W/cm 3 
respectively. The VAR inferred from the temperature rise data for the 
microparticles is shown plotted as a function of field strength in figure 4. 

Example 3: Demonstration of the Therapeutic Superiority of Arterially 
25 Administered Magnetic Microparticles 

Objective: It is possible to arterially administer microparticles comprising 
nanomagnetic particles and a matrix or to directly inject nanomagnetic particles 
into liver tumours in animal models to generate heating upon exposure to an 
alternating magnetic field. It was the objective of this study to compare the 
30 response of liver tumours to heating from arterially administered microparticles 
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containing nanomagnetic particles and a matrix versus the case when tumours 
are heated from unencapsulated nanomagnetic particles injected directly into the 
tumour milieu. 

Method: Ten rabbits containing implanted hepatic VX2 carcinomas received a 
5 hepatic arterial infusion of microparticles, comprising nanomagnetic particles and 
a matrix, while the tumours of another ten rabbits were directly injected with the 
unencapsulated nanomagnetic particles, i.e. nanomagnetic particles not 
incorporated into a matrix . It was found to be necessary to mix the directly 
injected nanomagnetic particles with lipiodol and histoacryl to form a viscous 

10 emulsion. Histoacryl is a tissue adhesive that remains fluid at room temperature 
for approximately twenty minutes, but sets fast on contact with ionic fluid. This 
was used to prevent regurgitation of nanomagnetic particles back up the injection 
track in the tumour. The tumours of both groups were then heated to over 42°C 
for twenty minutes by application of an AC magnetic field. Fourteen days after 

1 5 treatment the tumour response was assessed by comparison of tumour volumes 
before and after treatment and by comparison of the post treatment tumour mass 
with the mass of untreated control tumours of the same age. The tumours were 
also analysed histologically. 

Results: All tumours treated with arterially administered microparticles decreased 
20 in volume by 50-94% (p=0.005) and their average mass (median=1.73g, N=10) 
was significantly less than that of untreated control tumours (median=8.01g, 
N=20) (p<0.001). Three of the treated tumours were completely necrotic, while 
the remainder were at least 80% necrotic. Nine of the ten tumours treated by 
directly injected nanomagnetic particles increased in volume by at least 143% 
25 (p=0.01) and their average mass (median=5.68g, N=10) was not significantly 
different to that of the untreated control tumours (p=0.56). 

Figures 5 (a) and (b) show each individual tumour size before (black columns) 
and 14 days after (white columns) a single heat treatment either by arterially 
administered microparticles comprising nanomagnetic particles and a matrix 
30 (figure 5(a)) or by directly injected nanomagnetic particles (figure 5(b)). The 
superiority of treatment by arterial microparticles is clear from this data. 
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Conclusion: This example teaches that the therapeutic benefit of heating via 
arterially administered microparticles is much more effective than heating by 
nanomagnetic particles injected directly into the tumour. This is probably due to 
the more widespread particle distribution that can be achieved using arterial 
5 administration, which results in a more even tumour treatment. The nature of 
direct injection can lead to the under-treatment of liver tumours. 

Note that in this case the microparticles and the magnetic field conditions used 
differ from those claimed in this patent. Never the less, the example does serve 
to illustrate the relative merits of the arterially administered microparticle approach 
10 to treatment of cancer. 

Example 4: Effect of Nanomagnetic Particle Concentration 

The effect of mutual magnetic interactions between adjacent nanomagnetic 
particles is not clearly understood. Therefore, we measured the heat output from 
samples of aqueous suspensions of maghemite nanoparticles of various 
15 concentrations, i.e. of various average interparticle spacing. The data in Figure 6 
shows that the heat output from the nanomagnetic particles, in terms of watts per 
gram of maghemite (W/g Y ), increases as concentration increases until the point 
where aggregation occurs. In this particular sample, aggregation occurred at 
about 2 vol% and the measured W/g Y is substantially degraded thereafter. 

20 This data highlights two important factors: (i) the importance of synthesising 
microparticles in which the incorporated nanomagnetic particles are 
dispersed rather than being allowed to form aggregated clumps; and (ii) the 
added benefits obtained by being able to incorporate a high particle loading 
(voI%) into the microparticles. 

25 Up to approximately 30% of the total volume of each microparticle needs to 
be occupied by nanomagnetic particles in order to get enough heating from 
each microparticle. This is a technologically difficult task. However, this data 
suggests that, since the W/g Y increases as the concentration increases, it 
may be possible to reduce the nanomagnetic particle loading in the 

30 microparticles and still achieve the required heating outcome. The heating 
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characteristics of solid microparticles will be far more stable and less prone to 
changes due to environmental factors than would be a magnetic fluid 
containing coated nanomagnetic particles. 



